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Abstract 
Context: There is limited knowledge about the disparities between the sexes in obesity prevalence and associated cardiovascular complications 
in low- and middle-income countries (LMICs).  
Objective: We undertook a systematic review and meta-analysis to assess sex-specific disparities in the prevalence of obesity and 
cardiometabolic diseases in LMICs, the burden in women, and variations by region, country’s income status, setting, and time.  
Methods: We searched major databases from inception to March 2023. Two independent reviewers selected the studies, assessed their 
quality, and extracted data. We used DerSimonian and Laird random-effects models to obtain pooled estimates of odds ratios and 95% CI for 
the association between sex and obesity and cardiometabolic diseases, and multilevel random-effects logistic regression models to estimate 
the prevalence of relevant outcomes (PROSPERO CRD42019132609).  
Results: We included 345 studies (3 916 276 individuals). The odds of obesity were 2.72-fold higher in women than men (OR 2.72; 95% CI, 2.54- 
2.91). The sex-specific disparities varied by region, with the greatest disparities in Sub-Saharan Africa (OR 3.91; 95% CI, 3.49-4.39). Among 
women in LMICs, 23% (95% CI, 21%-25%) had obesity, 27% (95% CI, 24%-29%) had hypertension, and 7% (95% CI, 6%-9%) had type 2 
diabetes. The prevalence of obesity and type 2 diabetes in women varied by region, country’s income, and setting, with the highest 
prevalence in the Middle East and North Africa, upper-middle-income countries and urban settings. The odds of hypertension (OR 2.41; 95% 
CI, 1.89-3.08) and type 2 diabetes (OR 2.65; 95% CI, 1.76-3.98) were doubled in women with vs without obesity.  
Conclusion: There is an urgent need for a women-centred and region-stratified approach to tackle obesity awareness, treatment, and prevention 
in women in LMICs. 
Key Words: women’s health, obesity, developing countries, meta-analysis, sex-specific 
Abbreviations: BMI, body mass index; LMIC, low- and middle-income country; OR, odds ratio. 

Obesity is a major risk factor for severe morbidity and all- 
cause mortality globally. It is associated with cardiometabolic 
diseases such as hypertension, type 2 diabetes mellitus, dysli-
pidemia, and coronary heart disease (1, 2). In women, excess 
body weight is also associated with sex-specific conditions, 
such as polycystic ovary syndrome, gestational diabetes, and 
hypertensive disorders of pregnancy (3-5). Notably, 6 in 10 in-
dividuals with obesity live in low- and middle-income 

countries (LMICs), which are facing an epidemiological tran-
sition from infectious to noncommunicable diseases (6-9). 

Obesity and its complications may affect women and men 
differently (10). The Noncommunicable Diseases Risk 
Factor Collaboration (NCD-RisC) reported the burden of 
both underweight and obesity to be higher in women than 
men globally (8). Accurate data on obesity and cardiovascular 
disease burden is the first critical step toward reducing the  
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global burden of cardiovascular disease in women by 2030 
(11). However, the extent of sex-related differences in the 
risk of obesity and cardiometabolic diseases in LMICs and 
the variations in disparities between regions, country’s income 
status, setting, and over time is not known. Individual studies 
focus on particular conditions or regions, often reporting im-
precise estimates. There is also a need to assess the strength of 
the association between obesity and cardiometabolic diseases 
in women in LMICs (12). 

We undertook a systematic review and meta-analysis to de-
termine the magnitude of sex-specific differences in the preva-
lence of obesity and cardiometabolic diseases in LMICs, their 
burden on women, and if these estimates vary by World Bank 
region, country’s income status, setting, and over time. We 
also assessed the prevalence of cardiometabolic diseases, like 
hypertension and type 2 diabetes, in women with vs without 
obesity in LMICs. 

Methods 
Search Strategy and Selection Criteria 
We performed a systematic review and meta-analysis using a 
prospective protocol (https://www.crd.york.ac.uk/prospero/ 
display_record.php? ID=CRD42019132609), PROSPERO 
CRD42019132609) in line with current recommendations 
and reported the finding as per PRISMA guidelines (Fig. 1) 
(13). We searched Embase, Medline, and Cochrane from incep-
tion until March 2023. We used MeSH headings, text words, 
and word variants for “developing country,” such as “low- 
income” and “middle-income.” We combined them with terms 
for “obesity,” “comorbidity,” “metabolic disease,” and “wom-
en.” There were no language restrictions. Our search strategy 
complies with the Methodological Expectations of Cochrane 
Intervention Reviews (MECIR) (14). 

Studies were selected for inclusion in 2 stages. First, we 
screened the title and abstract of all citations for potentially 
relevant papers and retrieved the full texts of the identified pa-
pers for detailed review. Two independent reviewers (T.R. 
and E.M.) selected the papers against prespecified criteria. 
Any conflicts were resolved after a discussion with a third re-
viewer (S.T.). 

Studies were included if they assessed the prevalence of obes-
ity by body mass index (BMI) in nonpregnant women in coun-
tries classified as low, lower-middle, or upper-middle income 
by the World Bank regions in the year of the study. We ex-
cluded studies including women with cancer, tuberculosis, 
and HIV infection. Studies that included children, adolescents, 
animals, and those in high-income countries, as well as letters, 
case reports, case series, reviews, narrative reviews, case- 
control studies, and secondary analyses were also excluded. 
Studies that reported secondary analyses were excluded to pre-
vent bias from including duplicate samples in the meta-analysis. 
We considered type 2 diabetes, impaired glucose tolerance, dys-
lipidemia, and nonalcoholic fatty liver disease as metabolic dis-
eases. Hypertension, coronary heart disease, myocardial 
infarction, and stroke were included as obesity-related cardio-
vascular diseases. We used the study authors’ definitions for 
obesity and cardiometabolic outcomes for their respective stud-
ies (ie, a BMI of ≥27.5 was used in studies in the South Asian 
community, and ≥30 kg/m2 was used in other populations). 

Quality Assessment 
Two independent reviewers (T.R. and E.M.) undertook qual-
ity assessments using the Newcastle Ottawa Scale (15). The 
quality assessment tool comprised 3 domains: selection, com-
parability, and outcomes. A star was given for each subdo-
main if it was considered adequate. For the selection domain 
(maximum 5 stars), studies were deemed adequate for repre-
sentativeness and sample selection if they truly represented 
the average of the study population (ie, all subjects included 
or random sampling). Studies that included participants in a 
nonrandom sampling way but were somewhat representative 
of the study population were also considered adequate (ie, if 
the study does not include all participants or randomly 
sampled but does not appear to be in a selected population). 
Those with no reports of the sampling strategies were deemed 
inadequate for representativeness. Studies were also scored 
adequate for comparability (maximum 2 stars) if the popula-
tion’s age was controlled. The additional score was given if 
they were controlled for other relevant factors. We considered 

15,784 citations identified from electronic databases
14,127 citations excluded

3,210 duplicates
10,917 with exclusion criteria 

1,657 full-text citations assessed for eligibility

307 citations included (345 studies*)
300 studies (2,405,013 women, 1,454,431 men) reported on rates of obesity 
and/or cardiometabolic diseases in women and men
345 studies (2,461,845 women) reported on rates of obesity in women

1,605 citations excluded
768  Data not available
551  Full-text not available

71  Wrong patient population
49  Wrong study design
37  Inappropriate data
42  Wrong setting
35  Duplicates
52  Not primary study

*Some citations have included more than one study

Figure 1. Flow chart of study selection in the systematic review.   
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outcome assessment adequate if the study used a validated 
measurement tool for the outcome. 

Data Extraction 
Data extraction was undertaken by 2 independent reviewers 
(T.R. and E.M.). We extracted data on the number of women 
and men with and without obesity and cardiometabolic out-
comes such as hypertension, type 2 diabetes, impaired glucose 
tolerance, dyslipidemia, nonalcoholic fatty liver disease, coron-
ary heart disease, myocardial infarction, and stroke. Where 
possible, data were extracted for women and men with obesity 
with outcomes of interest and numbers without obesity. The 
country’s region and income status were extracted according 
to the World Bank classification at the time of publication of 
the study. The setting (urban, rural, or both) and the year of 
the study (<2000,  ≥ 2000) were also assessed. 

Data Analysis 
We evaluated the association between sex and the odds of obes-
ity, hypertension, and type 2 diabetes using DerSimonian and 
Laird random-effects models. We reported the sex-specific as-
sociations as summary odds ratios (OR) and 95% CI. We ex-
plored whether age (measured in each study as the difference 
between the mean age of women and men), World Bank region, 
country’s income status (low, lower-middle, or upper-middle), 
setting (rural, urban, or both), and year of publication (before 
2000, or 2000 and after) were significant sources of heterogen-
eity. Statistical significance for heterogeneity analysis was ob-
tained using likelihood ratio–based omnibus tests in 
meta-regression analysis. As a measure of statistical heterogen-
eity, we computed the percentage of variation across studies 
that is above what is expected by chance (I² statistic) (16), 
and we considered I2 > 50% as substantial heterogeneity. We 
also estimated the between-study variance (τ²) as a measure 
of the variability of the underlying true effect distribution. 

We summarized the overall prevalence of obesity, hyperten-
sion, type 2 diabetes, impaired glucose tolerance, dyslipide-
mia, nonalcoholic fatty liver disease, coronary heart disease, 
myocardial infarction, and stroke in adult women in LMICs 
using multilevel random-effects logistic regression models as 
implemented in the metapreg Stata user-defined command. 
We undertook the same heterogeneity analyses as above, per-
forming the same subgroup analyses and fitting similar meta- 
regression models. In this case, age was considered as the 
women’s mean age in each study. Sensitivity analyses were 
done by excluding low-quality studies. We refrained from 
conducting a publication bias assessment due to the substan-
tial heterogeneity in the results, which discourages the use of 
funnel plot asymmetry tests (17). All analyses were performed 
using Stata 16 software (StataCorp. 2019. Stata Statistical 
Software: Release 16. College Station, TX: StataCorp LLC), 
and the significance level was 5% for all tests. 

Patient and Public Involvement 
Patients or members of the public were not involved in our re-
search design, conduct, reporting, or dissemination plans. 

Role of the Funding Source 
The study’s funders had no role in the study design, data col-
lection, data analysis, data interpretation, or writing of the re-
port. The corresponding author had full access to all the data 

in the study and took final responsibility for the decision to 
submit it for publication. 

Results 
Characteristics of the Included Studies 
From 15 784 citations, we included 307 citations (63 countries, 
345 studies) involving 3 916 276 individuals (2 461 845 wom-
en and 1 454 431 men) (Fig. 1). Overall, 55.7% (192/345) of 
the studies were from Sub-Saharan Africa, 11.6% (40/345) 
from South Asia, 11.0% (38/345) from Latin America and 
the Caribbean, 10.4% (36/345) from East Asia and the 
Pacific, 9.9% (34/345) from the Middle East and North 
Africa, and 1.4% (5/345) from Europe and Central Asia. 
Overall, 24.1% (83/345) of the studies were from low-income 
countries, 41.2% (142/345) were from low-middle, and 34.8% 
(120/345) were from upper-middle-income countries. 

Quality of the Included Studies 
Overall, half (49.8%, 153/307) of all included citations had a 
low risk of bias. Of the 307 included citations, 46.6% (143/ 
307) were at low risk of selection bias, 44% (135/307) at 
low risk of comparability bias, and 79.5% (244/307) at low 
risk of outcome assessment bias. A high risk of selection 
bias was found in 11.7% (36/307) of the included citations; 
42.3% (130/307) presented a high risk of bias for comparabil-
ity, and 3.6% (11/307) had a high risk of bias for outcome as-
sessment (18). 

Association of Sex With Obesity 
and Cardiometabolic Diseases 
Three hundred studies reported data on obesity in women and 
men in LMICs. Overall, there was a significant disparity in the 
odds of obesity between the sexes, with an overall 2.72-fold 
higher odds of obesity in women than in men (OR 2.72; 
95% CI, 2.55-2.91), although the results were highly hetero-
geneous (I2 = 98.7%, τ²=0.29) (Fig. 2) (18). The disparity in 
the odds of obesity between the sexes was unequal between re-
gions (P value < .001). The greatest disparity was observed in 
studies from Sub-Saharan Africa (OR 3.91; 95% CI, 
3.49-4.39; I2 = 94.6%, τ²=0.45), followed by the Middle 
East and North Africa (OR 2.69; 95% CI, 2.28-3.16; 
I2 = 97.5%, τ²=0.20), and Latin America and the Caribbean 
regions (OR 2.17; 95% CI, 1.96-2.40; I2 = 93.4%, τ²=0.06) 
(Fig. 2) (18). The lowest differences in the odds of obesity be-
tween women and men were seen in studies from South Asia 
(OR 1.43; 95% CI, 1.29-1.59; I2 = 97.7%, τ²=0.06) and 
East Asia and Pacific (OR 1.43; 95% CI, 1.19-1.71; 
I2 = 98.9%, τ²=0.24). Most of the studies from countries in 
Sub-Saharan Africa reported 3- to 10-fold higher odds of 
obesity in women than in men (Fig. 3). Similar disparities 
were observed irrespective of the country´s income status 
(low, low-middle, upper-middle; P value .058), setting (rural, 
urban; P value .344), and year of study (<2000,  ≥2000; P val-
ue .710) (Fig. 2) (18). Age was not associated with the effect of 
sex on obesity (18). Figure 3 provides estimates of sex-specific 
disparities in obesity odds in individual LMICs. 

Women exhibited a slight decrease in the risk of hyperten-
sion (OR 0.95; 95% CI, 0.91-0.99; I2 = 95.7%, τ²=0.07) as 
compared to men while demonstrating a slight increase in 
the risk of type 2 diabetes (OR 1.07; 95% CI, 1.00-1.14; 
I2 = 95.2%, τ²=0.08) (Fig. 2) (18). We did not find that these  

The Journal of Clinical Endocrinology & Metabolism, 2023, Vol. 00, No. 0                                                                                                    3 
D

ow
nloaded from

 https://academ
ic.oup.com

/jcem
/advance-article/doi/10.1210/clinem

/dgad599/7331033 by guest on 20 N
ovem

ber 2023



effects for hypertension and type 2 diabetes varied by coun-
try’s income status (P values = .157 and .322, respectively), 
setting (P values = .311 and .634, respectively), or over time 
either (P values .723 and .885, respectively) (Fig. 2) (18). 
Meta-regression analysis found no association between the 
sex’s odds ratio and age imbalances between women and 
men for obesity and type 2 diabetes. However, this association 
was significant for hypertension (OR = 1.06, P < .001). When 
women are older than men by a greater difference (x-axis), the 
impact of sex on hypertension becomes more significant, as in-
dicated by an increasing odds ratio (ie, 6% more per year of 
age difference) (18). Despite the thorough exploration of sour-
ces of heterogeneity, there is still substantial statistical hetero-
geneity in all subgroups analyzed. Appendixes 10 to 12 of the 
supplemental material (18) provide estimates of sex-specific 
disparities in the odds of obesity, hypertension, and type 2 dia-
betes in individual LMICs. 

Obesity and Cardiometabolic Diseases in Women 
Among women in LMICs, the prevalence of obesity was 
23.1% (95% CI, 21.1%-25.2%; I2 = 97.6%, τ²=1.18; 345 
studies), hypertension was 26.5% (95% CI, 23.8%-29.4%; 
I2 = 97.7%, τ²=1.15; 217 studies), and type 2 diabetes was 
7.1% (95% CI, 5.9%-8.6%; I2 = 94.4%, τ²=1.53; 156 stud-
ies) (Table 1). The prevalence of obesity and type 2 diabetes 
varied among World Bank regions (P values <.001 and 
.017, respectively). The highest obesity prevalence was ob-
served in studies from the Middle East and North Africa 
(37%; 95% CI, 31%-44%; I2 = 97.7%, τ²=0.63), followed 
by Europe and Central Asia (30%; 95% CI, 25%-36%; 
I2 = 75.2%, τ²=0.06) and Latin America and the Caribbean 
(28%; 95% CI, 24%-33%; I2 = 96.9%, τ²=0.49) (Fig. 4) 
(18). The highest prevalence of hypertension in women was 
reported in studies from the Middle East and North Africa 
(38%; 95% CI, 28%-49%; I2 = 98.5%, τ²=1.10) and 
Europe and Central Asia (38%; 95% CI, 29%-47%; 

Overall

≥ 2000

< 2000

Year

Both

Urban

Rural

Setting

Upper middle

Lower middle

Low

Income

Europe and Central Asia

South Asia

Middle East and North Africa

East Asia and Pacific

Latin America and Caribbean

Sub-Saharan Africa

Region

Subgroup

300

276

24

91

154

52

97

126

77

5

33

34

32

36

160

No studies

447,522 / 2,405,013

398,153 / 2,270,384

49,369 / 134,629

281,865 / 1,881,640

152,949 / 442,403

10,397 / 69,796

191,675 / 752,840

237,138 / 1,502,922

18,709 / 149,251

2,098 / 8,551

197,767 / 1,338,715

38,796 / 112,885

98,687 / 523,852

64,459 / 185,812

45,715 / 235,198

Women
n / N

176,943 / 1,454,431

160,518 / 1,378,502

16,425 / 75,929

104,103 / 1,113,944

69,614 / 282,176

2,307 / 48,826

89,800 / 494,191

82,779 / 855,758

4,364 / 104,482

1,571 / 7,553

68,052 / 718,667

15,060 / 97,609

57,945 / 340,051

24,235 / 111,995

10,080 / 178,556

Men
n /N

2.72 (2.55, 2.91)

P-value = 0.710

2.72 (2.52, 2.92)

2.70 (2.35, 3.10)

P-value = 0.344

2.47 (2.23, 2.73)

2.81 (2.48, 3.20)

3.01 (2.38, 3.80)

P-value = 0.058

2.79 (2.43, 3.19)

2.42 (2.21, 2.65)
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P-value = <0.001

1.89 (1.16, 3.08)

1.43 (1.29, 1.58)

2.69 (2.28, 3.16)

1.43 (1.19, 1.71)

2.17 (1.96, 2.40)

3.91 (3.49, 4.39)

OR (95% CI)

.8 1 1.25 2 3 4

Higher risk for men Higher risk for women

Odds Ratio

177

163

14

54

86

35

49
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2

23

19
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17
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341,666 / 1,516,430

337,327 / 1,499,024

4,339 / 17,406

306,700 / 1,378,695

24,828 / 90,490

8,181 / 39,891

32,928 / 96,740

290,434 / 1,326,087

18,304 / 93,603

2,483 / 7,563

259,458 / 1,236,800

17,871 / 63,668

19,233 / 57,438

5,728 / 20,714

36,893 / 130,247

253,473 / 886,948

249,430 / 871,459

4,043 / 15,489

224,394 / 775,828

21,083 / 76,947

6,373 / 28,123

26,571 / 85,532

213,480 / 739,129

13,422 / 62,287

1,989 / 6,870

187,539 / 658,810

16,804 / 59,823

14,246 / 41,693
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28,538 / 103,740
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P-value = 0.723

0.95 (0.91, 1.00)
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P-value = 0.311

0.99 (0.93, 1.06)

0.95 (0.84, 1.07)

0.83 (0.75, 0.91)

P-value = 0.157

1.08 (0.93, 1.24)

0.94 (0.88, 0.99)

0.87 (0.80, 0.95)

P-value = 0.659

0.99 (0.60, 1.62)

0.82 (0.76, 0.89)

1.04 (0.91, 1.20)

0.90 (0.81, 1.01)

0.97 (0.84, 1.13)

0.97 (0.87, 1.07)

.8 1 1.25 2

Higher risk for men Higher risk for women

Odds Ratio

130
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12

42

61

26

43
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33

2

18

17
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12

63

123,984 / 1,839,096

120,997 / 1,713,907

2,987 / 125,189

75,724 / 1,464,227

46,950 / 339,793

1,257 / 34,631

49,426 / 358,571

72,083 / 1,405,810

2,475 / 74,715

614 / 7,563

64,816 / 1,330,456

5,038 / 59,280

42,476 / 212,658

3,763 / 122,956

7,277 / 106,183

91,127 / 1,042,110

89,059 / 972,988

2,068 / 69,122

59,226 / 819,507

31,136 / 197,421

740 / 24,951

32,456 / 220,352

56,253 / 772,846

2,418 / 48,912

483 / 6,870

49,949 / 710,245

4,307 / 54,837

28,002 / 120,802

2,530 / 65,639

5,856 / 83,717

1.07 (1.00, 1.14)

P-value = 0.885

1.06 (0.99, 1.14)

1.07 (0.94, 1.22)

P-value = 0.634

1.12 (1.00, 1.25)

1.03 (0.92, 1.17)

1.03 (0.89, 1.20)

P-value = 0.098

1.18 (1.03, 1.35)

1.08 (0.99, 1.18)

0.97 (0.71, 1.33)

P-value = 0.283

1.18 (1.04, 1.34)

0.93 (0.81, 1.08)

1.25 (1.10, 1.41)

0.96 (0.74, 1.24)

1.10 (0.96, 1.26)
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Figure 2. Sex-specific disparities in the odds of obesity, hypertension, and type 2 diabetes in low- and middle-income countries by World Bank region, 
country’s income status, setting, and year.  
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Figure 3. Odds of obesity in women compared with men reported in studies from low- and middle-income countries in the systematic review.   
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I2 = 96.5%, τ²=0.13), followed by East Asia and Pacific (31%; 
95% CI, 25%-38%; I2 = 98.6%, τ²=0.54) (Fig. 4) (18). Type 
2 diabetes prevalence in women was highest in studies from 
the Middle East and North Africa (17%; 95% CI, 
10%-26%; I2 = 98.6%, τ²=1.32), followed by Europe and 
Central Asia (8%; 95% CI, 4%-14%; I2 = 95.6%, τ²=0.32), 
and Latin America and the Caribbean (8%; 95% CI, 
4%-14%; I2 = 94.2%, τ²=1.65) (Fig. 4) (18). Table 1 provides 
the prevalence of other cardiometabolic conditions in women, 
such as impaired glucose intolerance, dyslipidemia, and non-
alcoholic fatty liver disease. The reported prevalence of coron-
ary heart disease, myocardial infarction, stroke, and 
obstructive sleep apnea syndrome was 5.3%, 5.1%, 2.8%, 
and 22.1%, respectively (Table 1). 

The prevalence of obesity, hypertension, and type 2 dia-
betes in women varied significantly by the country’s income 
status (P values: < .001, .007, and .001, respectively), with 
the highest prevalence in upper-middle-income countries 
and the lowest in low-income countries. Obesity and type 2 
diabetes prevalence in women was highest in urban settings, 
with estimates of 27% (95% CI, 24%-30%; I2 = 97.2%, 
τ²=1.00) and 9% (95% CI, 7%-11%; I2 = 93.9%, τ²=1.22), 
respectively (Fig. 4). Figure 5 and Appendix 20 (18) provide 
obesity prevalence in women in studies from individual 
LMICs. The meta-regression analysis has shown that as wom-
en’s age increased, there was a significant rise in the prevalence 
of obesity, hypertension, and type 2 diabetes. Specifically, for 
every 10 years of age, the odds of obesity increased by 51% 

Table 1. Reported prevalence of obesity and cardiometabolic diseases in women in low- and middle-income countries 

Risk factor Number of studies Number of women Number of women  
with the event 

Prevalence (95% CI) I2 (%) T2  

Obesity 345 2 461 845 462 279 0.231 (0.211, 0.252) 97.6 1.18 

Hypertension 217 1 595 385 366 852 0.265 (0.238, 0.294) 97.7 1.15 

Type 2 diabetes 156 1 863 738 125 577 0.071 (0.059, 0.086) 94.4 1.53 

Impaired glucose tolerance 51 74 693 6654 0.097 (0.070, 0.132) 94.9 1.59 

Dyslipidemia 31 56 531 35 193 0.373 (0.268, 0.492) 97.6 1.88 

Nonalcoholic fatty liver disease 3 11 876 1660 0.190 (0.088, 0.365) 99.5 0.62 

Coronary heart disease 20 148 170 3302 0.053 (0.028, 0.098) 90.3 2.21 

Myocardial infarction 6 8128 259 0.051 (0.030, 0.083) 77.6 0.37 

Stroke 14 121 265 821 0.028 (0.012, 0.065) 88.7 2.70 

Obstructive sleep apnea syndrome 4 1033 239 0.221 (0.182, 0.267) 40.4 0.03 

T2 is an estimation of the between-studies variance. It can be interpreted as the square of the SD of the underlying distribution of true effects. 
I2 represents the proportion of total variation across studies that is above the variation expected by chance.  
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Figure 4. Obesity, hypertension, and type 2 diabetes prevalence in women from low- and middle-income countries reported in studies by World Bank 
region, country’s income status, setting, and year.   
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(OR 1.04 per year, P < .001), hypertension by 98% (OR 1.07, 
P < .001), and type 2 diabetes by 93% (OR 1.07, P < .001) 
(18). Supplemental data appendixes 20 to 23 (18) provide 
the prevalence of obesity, hypertension, and type 2 diabetes 
in individual LMICs. The prevalence of obesity, hypertension, 
and type 2 diabetes remained similar when a sensitivity ana-
lysis was performed, excluding low-quality studies (18). 

Association Between Obesity and Cardiometabolic 
Diseases in Women 
In women with obesity in LMICs, there was an overall 2-fold 
increase in the odds of hypertension (OR 2.41; 95% CI, 
1.89-3.08; 21 studies) and type 2 diabetes (OR 2.65; 95% 
CI, 1.76-3.98-3.74; 16 studies), and 3-fold increase for im-
paired glucose tolerance (OR 3.06; 95% CI, 1.84-5.11) 
(Table 2) (18). Sensitivity analysis limited to studies adjusted 
for at least one variable (such as age and education level) 
found similar results (Table 2). Likewise, the estimates did 
not significantly change when the analysis was restricted to 
studies with low risk of bias (Table 2). 

Discussion 
In low- and middle-income countries, the odds of obesity are 
approximately 3 times higher for women than men, irrespect-
ive of the country’s income status (low, lower-middle or 
upper-middle), study setting (rural or urban) or year of the 
study. The Sub-Saharan region has the greatest disparity be-
tween women and men in the reported odds of obesity. 
Individual studies reported that the odds of obesity in women 
are 3 to 10 times higher than in men. Although with small ef-
fect, slight differences between the sexes are seen in the odds of 
reported hypertension and type 2 diabetes, with women hav-
ing a decreased risk of hypertension but a slight increase in the 
risk of type 2 diabetes than men. Women in the Middle East 
and North Africa region, upper-middle-income countries, 
and urban settings have the highest obesity and type 2 diabetes 
prevalence. Obesity is associated with 2- to 3-fold odds of 
hypertension and type 2 diabetes in women in LMICs. 

To our knowledge, ours is the first meta-analysis to quantify 
the sex-related disparities in LMICs for obesity, hypertension, 

and type 2 diabetes. We identified the World Bank regions, the 
country’s income status, and settings where women are dis-
proportionately affected. Additionally, we provided a detailed 
mapping of obesity and cardiometabolic disease burden in 
women in LMICs. Our systematic review was performed us-
ing a comprehensive search without language restrictions. 
We tested the robustness of our findings by undertaking a sen-
sitivity analysis that excluded high risk of bias studies. Our re-
sults were broadly similar when the analysis was limited to 
studies adjusted for at least one variable (such as age) and 
those with a low risk of bias. We adjusted our analysis for 
the age of the participants to consider variations in risks 
with age. We ensured that the findings accurately reflected 
the country’s income status when the study was conducted 
by considering the World Bank classification at the year the 
study was conducted. 

Our study was limited by the heterogeneities in the assess-
ment of cardiometabolic diseases. Many studies included par-
ticipants with self-reported conditions, which could bias our 
estimates. However, our estimates of obesity, hypertension, 
and type 2 diabetes prevalence in women are similar to those 
reported in nationally representative observational studies on 
LMICs (8, 19, 20). We have observed some small studies pro-
viding unrealistic estimates of the association between obesity 
and hypertension that could have been affected by sparse-data 
bias (21). We only reported outcomes such as obesity, hyper-
tension, and type 2 diabetes and not cardiovascular events 
such as myocardial infarction, stroke, and death due to the pau-
city of reported data. Data were available for only about half of 
all the LMICs worldwide. Hence, some regions and countries 
were represented less than others, particularly in North 
Africa and East Asia. While we only included cohort studies, 
these were not always nationally representative estimates. 

Nevertheless, about half of all included studies had a low 
risk of bias for the representativeness of the population. We 
did not include pregnant women, as we felt it was inappropri-
ate to combine pregnancy-related data with data from non-
pregnant women or to compare outcomes with men. Finally, 
we could not stratify the risk of obesity according to sex by 
age or by individual socioeconomic status. Meta-regression 
analysis showed that sex-specific obesity odds persisted inde-
pendent of the age difference between women and men. 
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Figure 5. Obesity prevalence in women from various low- and middle-income countries in the studies included in the systematic review.   
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Additionally, meta-regression showed that the odds of obes-
ity, hypertension, and type 2 diabetes are positively associated 
with women’s age. 

The high burden of obesity in women in LMICs can be ex-
plained by underlying biological, sociocultural, and socio-
economic factors. Women-specific factors such as 
gestational weight gain, parity, polycystic ovary syndrome, 
and menopause are well-known to be associated with an in-
creased risk of obesity (3, 22-25). Additionally, early life con-
ditions may have permanent sex-specific effects on appetite 
regulation, eating behaviors, and body weight gain patterns 
(26-28). Lastly, obesity risk seems to be positively and signifi-
cantly associated with childhood deprivation in women but 
not men (29). Women are also more likely to be influenced 
than men by other factors predisposing them to obesity, 
such as poor dietary habits, sedentary lifestyles, and price in-
flation (30). Moreover, sociocultural aspects such as the per-
ception of ideal body size and beliefs surrounding the 
acceptability of physical activities are related to the high bur-
den of obesity in women in the Middle East and North Africa 
and Sub-Saharan Africa regions. Beliefs that larger body types 
indicate high socioeconomic status and fertility associate 
obesity in women as a sign of “wealth and health” (31-33). 
Finally, LMICs’ rapid economic growth and urbanization lev-
els result in shifts in dietary and physical activity patterns that 
contribute to a rapid increase in obesity prevalence combined 
with a decline in undernutrition (34, 35). 

We observed a slight difference in hypertension and type 2 
diabetes prevalence between women and men. A 
Noncommunicable Diseases Risk Factor Collaboration study 
arm showed a significant rise in diabetes prevalence in LMICs 
from 1980 to 2014 but, in contrast with our results, observed 

a shift in diabetes burden from women toward men (36). 
Different findings in the global and regional sex-specific 
prevalence of type 2 diabetes in LMICs could have been influ-
enced by variations in the reported prevalence of diabetes and 
selective diagnosis. Other reasons for different results might 
include variabilities in the diabetes risk according to different 
BMI categories by region and sex (20). 

We could not establish causal relationships between obes-
ity, type 2 diabetes, and hypertension, as our study design 
did not control the temporal relationship between these fac-
tors. Still, not surprisingly, some regions that reported high 
obesity prevalence in women also showed a high prevalence 
of hypertension and type 2 diabetes, such as the Middle East 
and North Africa region. However, the magnitude of the bur-
den of type 2 diabetes in women in LMICs did not always fol-
low the burden of obesity and hypertension. This can be 
explained by variabilities in the risk of type 2 diabetes across 
different BMI categories by region and sex, as demonstrated in 
a cross-sectional study of nationally representative data on the 
association between BMI and diabetes in LMICs (20). 
Potential reasons for divergent type 2 diabetes prevalence 
may include underdiagnosis, considering that anthropometry 
and blood pressure measurements are low-cost and more eas-
ily assessed to diagnose obesity and hypertension than the 
blood tests required to ascertain diabetes. Despite having 
low levels of obesity, women in East Asia and the Pacific pre-
sented with the third-highest prevalence of hypertension. This 
is similar to the 30% observed in population-based studies 
from the region and suggests contributors to hypertension 
other than obesity, such as genetic predisposition (19). 

The association between obesity and an increased risk of 
cardiometabolic diseases such as hypertension and type 2 

Table 2. Odds of cardiometabolic diseases in women with vs without obesity in low- and middle-income countries 

Cardiometabolic  
Condition 

Studies included 
in analysis 

No. of  
studies 

No. of women  
with obesity 

No. of women  
without obesity 

Odds ratio (95% CI) I2 (%) T2  

Hypertension Adjusted studies 9 11 413 28 789 2.38 (1.82, 3.12) 93.2 0.115   

All studies 21 26 167 68 849 2.41 (1.89, 3.08) 97.5 0.270   

High quality studies 17 23 124 61 740 2.42 (1.81, 3.24) 97.9 0.319 

Type 2 diabetesa Adjusted studies 8 19 915 103 000 2.66 (2.06, 3.42) 68.5 0.071   

All studies 16 31 372 146 453 2.65 (1.76, 3.98) 96.3 0.574   

High quality studies 9 27 776 127 020 2.56 (1.58, 4.16) 96.2 0.462 

Impaired glucose tolerancea All studies 4 374 2731 3.06 (1.84, 5.11) 46.8 0.121   

High quality studies 1 282 306 4.59 (3.14, 6.72) ·· ·· 

Dyslipidemia Adjusted studies 1 1704 2655 1.41 (1.20, 1.66) ·· ··   

All studies 3 1816 2780 1.04 (0.60, 1.80) 56.7 0.135   

High quality studies 1 1704 2655 1.41 (1.20, 1.66) ·· ·· 

Low HDL-cholesterolb All studies 1 46 89 1.96 (0.61, 6.34) ·· ·· 

Nonalcoholic fatty liver diseaseb All studies 1 247 8074 25.09 (19.10, 32.97) ·· ·· 

Coronary heart disease Adjusted studies 1 9623 19 187 1.60 (1.40, 1.83) ·· ··   

All studies 1 9623 19 187 1.60 (1.40, 1.83) ·· ··   

High quality studies 1 9623 19 187 1.60 (1.40, 1.83) ·· ·· 

Myocardial infarctionb All studies 1 46 89 0.97 (0.17, 5.48) ·· ·· 

Obstructive sleep apnea syndromea All studies 1 226 350 2.03 (1.40, 2.97) ·· ·· 
High quality studies 1 226 350 2.03 (1.40, 2.97) ·· ·· 

T2 is an estimation of the between-studies variance. It can be interpreted as the square of the SD of the underlying distribution of true effects. 
I2 represents the proportion of total variation across studies that is above the variation expected by chance. 
aUnadjusted studies. 
bUnadjusted studies and no high quality (low risk of bias) study.   
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diabetes in women is consistent with the findings reported in 
studies from high-income countries, highlighting common 
pathophysiological pathways (12, 20). The positive associ-
ation of women’s odds of obesity, hypertension, and type 2 
diabetes with women’s age relates to the female-specific post-
menopausal changes that predispose women to changes that 
affect overall energy expenditure and basal metabolic rates, 
such as abdominal obesity and muscle loss, and contribute 
to weight gain in women in midlife (37, 38). 

Our findings call for urgent sex-specific and region- 
stratified actions targeting obesity awareness, prevention, 
treatment, and control in women in LMICs. Interventions re-
quire a woman-centred approach considering the cultural, so-
cial, and behavioural barriers and facilitators uniquely faced 
by women in following the recommended diet-based and 
physical activity interventions and appropriate pharmaco-
therapy. Public health messages should address underlying 
cultural misconceptions where obesity is perceived as a sign 
of “wealth and health.” Early commencement of preventative 
interventions and regular follow-ups could also help reduce 
the burden of cardiovascular diseases in women. Targeted ef-
forts are needed for early diagnosis and care of women- 
specific conditions such as excess weight gain in pregnancy, 
gestational diabetes, and polycystic ovary syndrome, predis-
posing women to long-term cardiometabolic diseases. 
Further research is needed to investigate how cultural aspects 
shape body weight perceptions in women and how best to 
conciliate those to community-level interventions. 
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